A mechanism for the degradation of 1 catalyzed by alkali anly is presented and discussed, taking into consideration the main reactionproducts. Increasing the reaction temperature from 293 to 3 I8 K resulted in a drastic decrease of the selectivity for 2. Increasing the oxygen pressure from 1 to 5 bar did not significantly influence the selectivity. The overall reaction kinetics followed first-order behavior with respect to lactose, o-glucose, or u-galactose. Nowadays, alkaline pulping processes are extensively used in the paper industry for the separation of (wood) polysaccharides, the kraft pulping process being the most important today". The most serious drawbacks in this process are the non-selective delignification and the extensive degradation of polysaccharides by the so-called peeling reaction, resulting in a low pulp (namely carbohydrate) yield. Treatment of the alkaline pulp with oxygen oxidizes most of the functional end-groups of the polysaccharides to carboxylic acids, which stabilizes the polysaccharides against further degradation. Cellobiose"-'3 and hydrocellulose24 were extensively studied as model component for cellulose, the most abundant polysaccharide in wood. It was found by Bach and Fiehn24 that the alkali stability of hydrocellulose could be improved by treatment with an excess of anthraquinone-2-sulfonate (AMS), or other sulfonated anthraquinones. Ruoho and Sjijstrijmz5 observed that the amount of AMS could be drastically decreased in the presence of oxygen because the hydroquinone formed was reoxidized by oxygen. It is known that, in alkaline medium, the quinone and corresponding hydroquinone form a redox couple26, and that the hydroquinone may be readily reoxidized by almost any mild oxidant".
The primary products of the reaction of hexoses and AMS in alkali are the hexosuloses2s*'9, obtained by hydride transfer from the 1,2-enediol to AMS. For Dglucose, Vuorinen3' demonstrated that the reaction product, D-arabino-hexosulose, is selectively cleaved by H,O, to D-arabinonic acid and formic acid. Vuorinen and Sjiistriim3' mentioned that the improved alkali stability of polysaccharides was the result of a more-selective oxidation of the functional end-groups.
In this paper, a degradation mechanism for lactose is presented and discussed, that accounts for the main reaction-products observed. More importantly, the advantages of performing the reaction in the simultaneous presence of anthraquinone-Z sulfonate and ti20, are demonstrated.
Addition of a catalytic amount of both of'thesc components leads to a significant increase of th t' selectivity when compared IO the "classical" alkali-catalyzed oxidative degradation ofc~~rbohqdr;ltcs. and allows :t pronounced reduction of the hatch time required for almost complctc con\~~~lon
Mutc~rirtls.
Lactose. ~-glucose. and r,-galactose were all commercial highpurity samples obtained from D.M.V.C'ampina B.V (Veghel. Holland) and Gist mated with oxygen by bubbling 0, gas through it at the reaction temperature in the reactant supply vessel 121. Both solutions were kept under oxygen for -900 s. The reaction was started by adjusting the gas-circulation system to the contact manometer [8] , opening the valve of the reactant-supply vessel [2] , and starting the gas-circulation pump [lo] . Solutions containing a catalytic amount of AMS had an equimolar amount of H,O, injected at the start of the experiment. Samples (6 mL) taken with a syringe were protected from non-oxidative degradation and polymerization reactions by the following procedure: 5.00 mL of the mixture was quickly pipetted and acidified with 2~ HCI to pH 8.5-9.5. The acidified solution was diluted with distilled water to an end volume of 25.00 mL and stored at -278 K. The composition of the reaction mixtures was determined by h.p.l.c.-analysis as a function of time. Neutral carbohydrates were analyzed by use of an anion-exchange column in the AC-form in series with a cation-exchange column in the H + form and with water as the eluent. The anionic oxidation and/or degradation products were analyzed by use of an anion-exchange column in the Cl-form or in the SOb2-form with respectively an aqueous NaCl-MgCl, solution and (NH&SO, solution as the eluent3'.
Reaction conditions. -Unless stated otherwise, the following set of standard reaction conditions was applied for the "classical" alkali-catalyzed oxidative degradation: To obtain a high selectivity for 2, the reaction was performed at 293 K, resulting in a batch time of about 50 h. The decrease in concentration of lactose can be adequately described by first-order kinetics in lactose, the pseudo-first-order rate constant amounting to 1.19 10P5 s-'. This result is in good agreement with the value obtained by Kunz and Klimesch34 who found a value of 1.14 lo-5 SC' for lactose. The oxygen consumption consumption amounting to 1.36 lo-' ss'. This agrees with the value of 1.33 10m5 SK' reported by Kunz and R6ger34 .
Influence of the reaction temperature. Increasing the reaction temperature to decrease the batch time caused a sharp decrease in the selectivity for 2, as could be seen by a drastic increase in 0, consumption, an increased production of 4 and 7 and a decreased production of2. Similar results were obtained by Roger et al." for the alkaline oxidative degradation of isomaltulose.
InJi'uence of the oxygenpressure. To study the influence of the oxygen pressure on the alkali-catalyzed oxidative degradation of lactose, reactions were performed with air at 1 bar and with pure oxygen at 1 bar and at 5 bar. In the reaction with air, a browning of the mixture was observed, indicating an increasing importance of the non-oxidative degradation pathway of lactose, resulting in a decreased selectivity for 2. In accordance with Fig. 5 , an increased production of 4 and 7 was observed, along with unidentified components.
No significant difTerences were found between the alkali-catalyzed oxidativs degradation of lactose with pure oxygen at either 1 bar or 5 bar. 'These findings are in agreement with the results of the alkali-catalyzed oxidatise deg~~d~~ti~~n ~?~is~~maltulose found by Kunzand Riiger",. Lichtenthafer and Klimesch"', and Riigercpi cri". However.
Scholt2
and Gotsmann". who studied the alkaline oxidative degradation ofn-glucose at oxygen pressures up to 40 bar. fW_md improved selectivities at higher ouggen pressures.
The efTect of adding small amounts of H,O, to the reaction mixture w:fs also studied. and no significant influence was observed. 'l'he s~l?~l~it~neo~ls addition of catalytic amounts of AMS and H,O, led to a drastic improved sclectivitv for 2. however. Fig. 6 shows the influence of the addition of I O./t) (w,%v. based on lactose) of RhlS and ian eyuimolar amount of H,CI. to the reaction mixture ;is de~rihed for the "classical" alkali-catalyzed oxidative degradation of lactose.
As compared with this "'classical" oxidative degradation cjf INXCW as shown in Fig. 4, Fig. 6 clearly shows the beneficial efEcts of the addition of AMS---N,O,. The production of2 was increased while the production curve ~OI. 3 almost matches the 0: Estimates of the apparent activation energies for wgalactocc and Eactosc ha\ c nc>t yc't been reported. 
CONCLUSIONS
A degradation mechanism for lactose is presented that accounts for the main reaction-products of the alkali-catalyzed oxidative degradation of lactose. The selectivity for O-/I-D-galactopyranosyl-( 1 +3)-D-arabinonate (2) may be drastically improved by the simultaneous addition of catalytic amounts of sodium anthraquinone-2-sulfonate and H,O,. The increase in selectivity may be attributed to selective oxidation by AMS of the 1,2-enediol anion into an aldosulose, which is selectively cleaved by H,O, to O-P-D-galactopyranosyl-( 1+3)-D-arabinonate (2) and formate (3). This increased selectivity was maintained at temperatures from 293 up to 323 K, allowing a decrease of the batch time necessary for almost complete conversion from 50 to 1.5 h. The procedure developed is believed to be applicable to carbohydrates in general. 
